Fifteen percent of women and 6 percent of men will suffer a hip fracture during their lifetime (1) . The incidence of hip fracture is much higher among older people living in nursing homes than among those living in the community (2) (3) (4) . However, it is not clear whether this is a consequence of nursing home residence or whether it simply reflects the poor health of people living in aged-care institutions.
As part of a case-control study of hip fracture etiology, we examined the relation between place of residence and risk of hip fracture, controlling for other risk factors for hip fracture. Other studies of hip fracture etiology have been unable to address this issue either because they have excluded people living in institutions or because they have matched cases and controls by place of residence.
MATERIALS AND METHODS
This study was conducted between 1990 and 1991 and involved men and women aged 65 years and over living in a defined area in the western suburbs of Sydney, Australia. The study methods have been described in detail elsewhere (5) .
Most hip fracture subjects were recruited from Westmead Hospital. They were identified by daily contact with the coordinator of an early-discharge scheme for hip fracture patients and by weekly review of the logbooks of the accident and emergency department. Eleven other hospitals that treated hip fracture patients living in the study area were also contacted regularly to ascertain eligible hip fracture admissions. Patients were ineligible for the study if their hip fracture was definitely related to neoplastic disease (n = 3). Area probability sampling was used to select community-dwelling controls. Ten census-collector's districts in the study area were randomly selected by the Australian Bureau of Statistics, and all dwellings in these districts (n = 2,560) were visited. (Collector's districts are clusters of dwellings defined so that one census collector can cover all dwellings at the 5-yearly Australian census.) We tried to collect data on all people aged 75 years and over. A 10 percent random sample of those aged 65-74 years was selected to prevent too great a discrepancy in the age distribution of cases and controls.
Six nursing homes and three hostels for the aged were randomly selected from the 28 nursing homes and 12 hostels in the study area. Five people aged 75 years and over were randomly chosen from each of these places. (Fewer than 1 percent of Australians aged 65-74 years live in nursing homes or hostels.)
The number of controls recruited from aged-care institutions closely reflected the proportion of people in the study population who lived in these places.
Cases and controls were entered into the study at a similar rate throughout the study period. Subjects with previous hip fractures were not excluded.
Data collection
An interviewer-administered questionnaire was used to measure potential confounders. Health status was assessed by asking subjects to rate their health as excellent, good, fair, or poor. They were also asked whether they had seen a doctor within the previous year about any of the following conditions: diabetes, heart attack, emphysema, angina, Parkinson's disease, cancer, or osteoporosis. Current medication use was assessed by self-report.
The amount of physical activity was estimated from the number of times per week that subjects went for a walk that lasted at least 15 minutes and from the number of hours per week of work in the house or garden. Weight was assessed by self-report. Consumption of milk and cheese was assessed with food frequency-type questions. The reproducibility of responses to these questions is reported elsewhere (6).
Pfeiffer's Short Portable Mental Status Questionnaire (7) was used to assess cognitive status. Hip fracture patients were interviewed when, in consultation with relatives or nursing home staff, it was judged that cognitive function had returned to its prefracture level.
For subjects unable to answer the full questionnaire, usually because of cognitive impairment, a shortened questionnaire was administered to proxy respondents. The decision to use the proxy questionnaire was left to the judgment of the interviewer (partly on the basis of results of the Short Portable Mental Status Questionnaire). Proxies were not used for those subjects who died between fracture and recruitment (n = 5). The proxy questionnaire did not include the question on self-rated health.
Statistical analysis
Odds ratios and 95 percent confidence intervals were calculated for the association between hip fracture and residence in an aged-care institution (nursing home or hostel). Multiple logistic regression was used to assess aged-care institution-hip fracture relations while simultaneously controlling for other variables. Selection of variables for multiple logistic regression models was based on results of other studies and on the age-and sex-adjusted results of this study.
RESULTS
There were 209 hip fracture cases and 207 randomly selected controls. Selected characteristics of cases and controls are shown in table 1. We collected data from 96 percent of eligible cases and 84 percent of selected controls. Of the cases, 62 percent lived in the community, 33 percent in nursing homes, and 5 percent in hostels for the aged. The corresponding numbers for controls were 80, 13, and 7 percent. The age-and sex-adjusted odds ratio for the association between risk of hip fracture and living in a nursing home (compared with living in the community) was 2.7 (95 percent confidence interval (CI) 1.6-4.6).
The observed increased risk of hip fracture associated with living in a nursing home could in some direct way be due to the nursing home, or it could be that the sort of people who live in nursing homes would be at high risk of hip fracture wherever they lived. We used logistic regression to control simultaneously for a large number of factors associated with both risk of hip fracture and risk of nursing home admission: age, sex, use of proxy respondent, country of birth, cognitive impairment, number of self-reported medical conditions, past stroke, history of Parkinson's disease, low body weight, and smoking history. We also controlled for use of psychotropic medications, physical activity (time spent walking and working), and current consumption of dairy products, although it could be argued that these three factors are consequences of nursing home placement and so should not be controlled.
There were 325 subjects with complete covariate data (150 cases and 175 controls). For these subjects, the age-and sex-adjusted nursing home-hip fracture odds ratio was 2.4, and the fully adjusted odds ratio was 0.6 (table 2). The exclusion of dairy product consumption, physical activity, and use of psychotropic medications from the fully adjusted model resulted in an odds ratio of 0.7. The odds ratio adjusted for age, sex, and mental state score was 0.9 among those with complete covariate data.
The association between living in a nursing home and risk of hip fracture became weaker with increasing age. Among subjects aged 75-84 years, the age-and sex-adjusted odds ratio was 6.4 (95 percent CI 2.6-15.3); for those aged 85 years and over, the odds ratio was 1.1 (95 percent CI 0.5-2.9).
There were only 24 hostel residents in this study. Adjusted odds ratios for the association between living in a hostel and risk of hip fracture are shown in table 2.
DISCUSSION
As expected, we found that people living in nursing homes were at increased risk of hip fracture. However, * Data on the number of medical conditions were missing for two subjects, t SD, standard deviation. this relation was entirely explained by other factors
The single most important confounder of the nursthat are common among nursing home residents, paring home-hip fracture relation in this study was cogticularly cognitive impairment.
nitive impairment. This reflects the increased risk of hip fracture among people with dementia (8) and the large difference in this study in cognitive function between older people living in the community (mean mental state score in community controls, 8.4) and those living in nursing homes (mean mental state score in nursing home controls, 4.4). A limitation of our study is that, despite being randomly selected, the small number of nursing home controls (n -27) means that they may not be representative of all nursing home residents in the study population. It is somewhat reassuring that nursing home controls in our study had an age distribution similar to that of nursing home residents in the State of New South Wales overall. Fifty-two percent of nursing home controls were age 75-84 years, 30 percent were age 85-89 years, and 18 percent were age 90 or more. The corresponding numbers for the state overall were 48, 28, and 24 percent (9).
We do not think our findings were affected in an important way by use of proxy respondents for a large proportion of subjects. Data on the main confounder (cognitive status) were collected directly from subjects, and exposure (nursing home residence) is likely to be reported accurately by proxies.
To our knowledge, this is the first study to examine the relation between hip fractures and nursing homes while controlling for other factors that might explain observed relations. Ooms et al. (2) , from the Netherlands, recently reported that people living in nursing homes were at greatly increased risk of hip fracture (for example, the relative risk in people aged 70-74 years was 5.8). However, they were unable to control for confounding factors because their study was based on routinely collected data on hip fracture occurrence and residence at time of fracture. Similar to our study, the Dutch study found that the increased risk of hip fracture was greater among younger "old" people living in nursing homes than among the very elderly. This finding is almost certainly explained by the greater discrepancy in health status in younger age groups between people living in nursing homes and those living in the community.
A recent French case-control study found that controls living in aged-care institutions were less active and less healthy than were controls from the community (3). The study excluded subjects with dementia. The investigators concluded that the higher level of hip fracture risk factors among nursing home residents was unlikely to explain all of the observed excess risk in these people. However, this contention could not be tested directly because cases and controls were matched by place of residence.
In summary, this study provides strong evidence that living in a nursing home does not increase the risk of hip fracture. This should be reassuring to older people, their caregivers, and health care professionals.
